The North American cheetah population serves as a reservoir for the species, and acts as 3 a research population to help understand the unique biology of the species. Little is known about 4 the intrauterine physiology of the cheetah, including embryo differentiation, implantation, and 5 the development of the placenta. After mating, cheetah females frequently experience (30-65% 6 of matings) a non-pregnant luteal phase where progestogen metabolite levels match those found 7 in pregnant females for the first ~55 days of gestation, but parturition does not occur.
Introduction
The cheetah (Acinonyx jubatus) is listed as vulnerable by the International Union for of excreted biomarkers as diagnostic or treatment tools in a clinical setting [6] . The production of 48 some biomarkers has been shown to be affected by reproductive events, and certain biomarkers 49 have been found to indicate physiological status such as pregnancy in the domestic dog [7] and 50 several wild canid species [8] . Recently, methods have been developed for the identification of 51 fecal biomarkers of pregnancy in the polar bear [9] , and another study in the cheetah identified 52 fecal biomarkers with potential roles in early pregnancy establishment using commercially 53 available antibodies [10] . Koester and colleagues identified a novel biomarker immunoglobulin J 54 chain (IgJ), with increased levels in pregnant individuals and were able to distinguish between 55 pregnant and non-pregnant cheetahs in the 4 weeks following breeding. IgJ is a small 56 polypeptide that serves to regulate polymer formation of Immunoglobulin A (IgA) and 57 Immunoglobulin M (IgM), modulating the secretory activity of these molecules [11, 12] . IgJ 58 functions to provide high levels of avidity to IgA and IgM and facilitates their exocrine transfer 59 to mucosal surfaces [13] . The secretory immunoglobulins that IgJ helps to activate are integral in 60 the response to foreign antigens at surfaces such as the endometrium, and IgJ expression is likely 61 modulated by the unique physiological status of pregnancy. Placental factors that are absent in 62 females undergoing a non-pregnant luteal phase may act to modulate the maternal immune 63 response and affect IgJ abundance, allowing for IgJ monitoring as a method for distinguishing 64 between the gravid and non-gravid states in the cheetah. The objective of the current study was animals included in the study were female adults from 2 to 12 years of age (mean ± standard 79 error of the mean (SEM) = 6.0 ± 0.6 y). The animals in this study were fed a diet of commercial 80 beef or horse-based meat product (Central Nebraska Packing, Inc., Milliken Meat Products Ltd, 81 or Carnivore Diet 10; Natural Balance Pet Foods Inc., Pacoima, CA) a minimum of five days per 82 week, with supplements that included whole rabbit, beef and horse bone, or organ meat. Water 83 was available ad libitum. 84 Fecal samples were collected opportunistically from females that were naturally bred 85 according to SSP breeding management recommendations and from females receiving 86 exogenous gonadotropins to stimulate ovulation. Exogenous gonadotropin therapy was 87 conducted under IACUC approval for separate projects according to previously published 88 methods [14, 15] , and included the stimulation of follicular development (with equine chorionic 89 gonadotropin), followed by stimulation of ovulation (with human chorionic gonadotropin or 6 90 porcine luteinizing hormone). Pregnancy was confirmed by the birth of offspring, and non-91 pregnant luteal phase was confirmed by an increase in progestogen metabolite concentration 92 after either natural breeding with no cubs produced or exogenous gonadotropin administration. (Fig 1c) , while pregnant females have extended progestogen excretion until parturition (Fig 1d) . 196 Mean total protein concentration of sample extracts from pregnancies (5.93 ± 0.29 mg/mL), non-197 pregnant luteal phases (6.24 ± 0.23 mg/mL), and pre-breeding (5.69 ± 0.57 mg/mL) were not 198 significantly different (P > 0.05). phases, tended to have significantly higher peak IgJ levels (P = 0.076, mean ± SEM = 0.86±0.05) 218 in the 2 weeks immediately following breeding compared to exogenously stimulated females that 219 did not have exposure to seminal plasma (0.75±0.02) (Fig 3) . seminal plasma, no increase in IgJ was seen in the two weeks following breeding (Fig 2c) . n=18) (Fig 4) . Pregnant females were also found to have significantly higher IgJ levels (P < 244 0.05) in week 8 post-breeding (0.79 ± 0.03, n=9) compared to females experiencing a non-245 pregnant luteal phase (0.69 ± 0.03, n=15). IgJ abundance was not different between the two 246 groups in weeks 1, 2, 3, 5, 6, 7, or 9 (P > 0.1) (Fig 4) . An example of a pregnancy can be seen in 
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It is possible that the presence of external immune stressors, which potentially could alter 340 the production of systemic IgJ, could influence the results and interpretation of our experiment.
341
IgJ is a protein that is upregulated in response to an activation of the secretory immune system, 342 which is present in all mucosal surfaces of the body in order to protect from foreign pathogens.
343
An immune challenge to a mucosal surface that is independent of pregnancy could increase In summary, this study detailed IgJ levels throughout the first 9 weeks of pregnancy and 355 non-pregnant luteal phase in the cheetah. Females that were bred naturally and exposed to 356 seminal plasma tended to have a higher immediate IgJ response than females that were these data support the suggestion that the window of implantation in the cheetah is between 19-365 21 days post-breeding, and that the placenta is a source of extragonadal progesterone during the 366 third trimester. These findings will help to improve ex situ management of the species, and 367 further research will continue to advance the understanding of cheetah reproductive physiology 368 following breeding, aiding future conservation efforts for the species. 
